Abstract We merge contributions from the New Urban Economics and inequality measurement to assess quality of life (QOL) in a given city. We take the point of view of a city planner in favor of an even accessibility to amenities within the city. Instead of the average value of amenities computed in the Roback (1982) QOL index, our index captures the value of its multidimensional "certainty equivalent". We apply this methodology to derive a QOL index for the city of Milan.
Introduction
The economic approach to measure urban QOL is based on the work of Rosen (1979) and Roback (1982) , who, rather than assessing overall well-being or happiness of households, measure QOL indirectly, in terms of the monetary value of the amenities within the city 1 . Under the assumption that well-being increasing amenities contribute to rise housing prices and to reduce wages, the implicit prices of the amenities are obtained through hedonic regressions on housing and labor markets across cities.
This paper focuses on a single city and extends the previous methodology on urban QOL measurement by introducing the normative judgement of a city planner who is in favor of an equitable urban development, with regard to infrastructures, services and social integration. Albeit the idea of "just city" is embedded both in the planning and economic literature, this paper -to our best knowledge -is the …rst attempt to introduce the concept of equity in QOL measurement.
In the planning literature, the equity-based approach to a just city requires that urban amenities and public services are available in a way such that "everyone receives the same public bene…t, regardless of socioeconomic status, willingness or ability to pay, or other criteria; residents receive either equal input or equal bene…t" (Talen 1998, p. 24) . 2 In the urban economics literature, Berliant et al. (2006) characterize the optimal number and location of public facilities in order to get an "equal treatment and identical provision" across households. They also argue that this objective is in line with several US laws. The priority for equity of the city planner can be also motivated by e¢ ciency purposes: Benabou (1993) shows how strati…cation can create ghettos, and even bring about a complete collapse of the city's productive capacity. The relevance of local facilities to mitigate well-being inequality has been recently analyzed by Aaberge et al. (2010) .
Finally, since the quality of city's amenities may represent a circumstance outside the responsibility of inhabitants but able to a¤ect their outcomes, a policy levelling the playing …eld within the city also promotes equality of opportunities in the sense of Roemer (1998) and Van de Gaer (1993) . 1 Blomquist 2006, p. 484. 2 An alternative approach (needs-based) follows a "compensatory" criterion that subordinates the distribution of facilities and services to the di¤erent needs of the population within the city, in favor of those individuals considered as being in the worst-o¤ conditions. A third approach assumes that the provision of services should be sized according to their demand. Finally, a fourth one is based on market criteria, where the cost of production is the underlying variable. See Lucy (1981) for an exhaustive taxonomy of equity criteria in urban planning.
Our analysis is innovative in two respects: 1) Rather than the actual levels of amenitiesde…ned in most of the past literature 3 as location speci…c characteristics with positive or negative e¤ects on household's utility -, we take account of their availability. 2) We translate the objectives of the city planner into mathematical properties of an explicit evaluation function. We assume the preference for equity as the social objective: an unequal availability of the amenities within the city has a negative impact on the evaluation function, in the same way as income inequality generates a loss in social welfare according to the Atkinson (1970) , Kolm (1969) , Sen (1973) 
approach to inequality measurement (AKS).
Under these assumptions, we are able to derive a new QOL index that can be directly interpreted in terms of the evaluation function. It corresponds to the monetary value of the vector of Equally Distributed Equivalent Amenities (EDEA) available to households. The EDEA is inspired by the certainty equivalent in risk analysis (Pratt 1964 ) and the equally distributed equivalent income in inequality measurement and their multidimensional extensions (Tsui 1995 , Weymark 2006 ). It is obtained by discounting the vector of the average levels of amenities through a multiplicative correction term belonging to the interval [0; 1] : The latter is lower when the distribution of the amenities becomes more unbalanced within the city. The scalar discount factor proves to admit a decomposition in terms of a sum of unidimensional AKS indices, one for each amenity, plus a residual term summarizing the eventual correlation among the amenities'distributions.
One point requires additional comments. Our analysis rests on two di¤erent components: the Roback (1982) spatial model and the normative evaluation of the city planner. In the former, the representative agent looks for the most convenient location given the distribution of amenities across districts. The di¤erent amenities available at the equilibrium are capitalized into housing prices and the representative citizen's utility is equalized within the city. This outcome is logically independent from the fact that the city planner could reallocate some amenities within the city, a¤ecting in this way the well being of the representative citizen. We reconcile both points of view computing a Roback QOL index based on citizens'evaluation of the availability of the amenities, adjusted by a correction term derived from the evaluation function of the city planner.
A further innovation of our approach is that the weight of each amenity in the planner evaluation function is endogenously determined and not exogenously …xed, often in a discretionary way, as in many social choice exercises.
We illustrate our methodology using data for the city of Milan over the period 2004-2008. We consider the availability of education, green areas, recreational activities, commercial facilities and public transportation, and some socio demographic characteristics. We …nd that taking into account the uneven availability of amenities within the city the Roback index is reduced by 28%.
We proceed as follows: Section 2 develops the theoretical model. In Section 3 we present the empirical application to Milan, discussing data and variables and carrying out a descriptive analysis of the city's neighborhoods. We also discuss the econometric speci…cation of the hedonic function and illustrate the results in terms of amenity prices and the QOL index. Section 4 illustrates the interest of our approach and paves the way for future research.
The model
In this section we …rst illustrate the QOL index developed by Rosen (1979) and Roback (1982) .
Then we show how to measure the opportunities of households living in di¤erent districts in terms of availability of the public goods. Finally, we show how to get the new QOL index accounting for inequality of opportunities at urban level.
The Roback (1982) quality of life index
Let a = (a 1 ; :::; a k ) be the vector of the average quantities of k amenities in a given city. The index developed by Rosen (1979) and Roback (1982) consists of the weighted sum of the values of the k amenities of the city, where the weights are the implicit prices associated to the amenities:
The implicit price p j ; for j = 1; ::; k is estimated through housing and wage hedonic regressions.
It is the sum of the housing price di¤erential and the negative of the wage di¤erential. In other words, the economic value of a local amenity is determined by the housing price households are willing to pay and the wage they are willing to accept to locate in some city. The idea underlying this approach is that people will accept lower wages and/or greater housing prices in an area with desiderable amenities, but require greater wages and/or lower housing prices in an area with less attractive amenities. 4 As we said in the Introduction, in what follows we will focus on a single city, 5 computing the levels of QOL for each district and an index for the whole city that account for inequality of QOL across districts. This implies three main consequences. First, amenity implicit prices in (1) arise only from the hedonic housing price equation. Wages are neglected since we suppose that they are determined for the city's labor market as a whole without variation within the city. Actually, several studies carried out on American cities show that wages vary also within the city even if the variation is quite modest. According to Bartik and Eberts (2006) , for example, wages of identical workers decline about 1% for each additional mile the job is located from the Central Business District (CBD). Even if we would suppose that wages can vary within the city, it was not easy to measure this phenomenon. Indeed we should know where the households go to work, since the neighborhood where individuals live is not necessarily identical to where they work. On top of that, the lack of data on occupation precludes us from admitting within-city wage variation. Secondly, only the prices of amenities that vary within the city can be identi…ed. We then neglect several variables usually considered in between cities analysis (as, for example, weather, altitude etc.) A third potential problem with intra-city analysis is related to spatial sorting on unobservables. The best quality housing units may be located in the best city neighborhoods (Gyourko et al. 1999 ).
We will come back to this point in Section 4.
We now extend the traditional approach to include the city planner's objective of promoting equity.
From amenities to opportunities
Consider a city exogenously partitioned in n zones. Each zone i is described by a vector a i 
Suppose that an individual lives in an areal unit with few amenities or none at all. He could anyway bene…t from the amenities located in the surrounding areal units. Therefore, the overall quantity of the amenities potentially enjoyed is the sum of the amenities where the individual dwells, plus a term indicating the availability of amenities in the neighborhood, which is a function of the distance among each pair of areal units (see Figure 1 ). We consider A to generate the n k matrix Z whose generic term z ij indicates the overall availability of amenity j for households of neighborhood i: The element z ij is obtained by adding to a ij the availability of the amenity j in the neighborhoods bordering i: In formal terms, de…ning S(i) the set of neighborhoods adjacent to i (with i 2 S(i)), we get:
where:
a lj is the value of amenity j in the areal units l bordering i;
is the value of a continuous and non increasing function f : R + ! R + de…ned on the distance d il between the centroids of the areal unit i and those belonging to S(i). 6 We
. This means that households living in a given neighborhood consider amenities of surrounding neighborhoods located within a …xed distance (e.g., a mile)
as well accessible as those of their neighborhood. When the distance exceeds this threshold, they account for the lower availability of amenities located in surrounding neighborhoods through an increasing discount factor speci…ed by f .
The equity-adjusted QOL index
Let us now turn to the model. For any matrix Z, let W (Z) be the city planner's evaluation of a distribution Z of the k amenities between the n city zones. We assume an additive form of the function W :
where w (z i ) is the value taken by the increasing and concave function w used by the city planner to summarize her assessment about the QOL in the neighborhood i with a vector of amenities z i .
It is well known (see Weymark 2006 ) that, under inequality aversion, the value W (Z) will be less than or equal to that guaranteed by an even availability of amenities across neighborhoods.
Let z j denote the average level of amenity j in the city and z = [ z 1 ; ::: z k ] the k-dimensional vector containing the means of the k amenities in the city. If W = W (Z) is the city planner's evaluation of the actual distribution, by continuity it is possible to de…ne a scalar # (Z), # 2 [0; 1], such that:
In the same spirit as Atkinson (1970) , we call the elements of the vector # z "equally-distributed equivalent amenities", (EDEA) where # 1 expresses the availability of the city planner to sacri…ce the share # of the total amount of the amenities against their even distribution within the city. As a result, the Roback index (1) is modi…ed as follows:
De…nition 1 For any Z, we de…ne the modi…ed urban quality of life index QOL # as:
where p z j is the implicit price of the j th attribute and the "equally-distributed equivalent amenities" #z j ; for j = 1; ::; k are implicitly de…ned by (4).
Abul Naga and Geo¤ard (2006) introduced a Cobb-Douglas speci…cation for w:
to derive a nice decomposition of # in terms of k unidimensional indices of the Atkinson type computed for each dimension and a residual term accounting for the correlation among the k amenities. Given the unidimensional Atkinson inequality index
where j 2 [1; 1); we get the following 
where 1; ::; k are Atkinson univariate indices and 1 is an interaction term equal to:
Since equations (8) and (9) depend on the vector of parameters = [ 1 ; :::; k ], to implement an empirical analysis it is required to assign a weight to each amenity. This issue is usually solved in multidimensional inequality literature by resorting to sensitivity analysis to show the robustness of the results after reasonable changes in the list of weights. In the QOL setup we may elude this arbitrary choice of the hierarchy among amenities by inferring weights from hedonic regressions.
According to Rosen-Roback's location model, implicit prices truly capture the assessment of each amenity by the city's representative citizen. We assume that the higher is the contribute of an amenity in determining the QOL index value, the more intense is the city planner's preference for its even distribution within the city. We …x these concepts in the following assumptions: 7 The correct formulation of is due to Brambilla and Peluso (2010).
i) The weight j associated to each amenity j into the evaluation function (6) is:
where " j is the Pratt (1964) coe¢ cient of relative risk (inequality) aversion over the dimension j:
ii) The Pratt coe¢ cient " j is set to be equal to the ratio between the evaluation of the average quantity of the amenity j and the overall assessment of the K amenities within the city. Formally:
Notice that the Pratt coe¢ cient of relative risk aversion " j must be interpreted here as the degree of relative inequality aversion of the city planner over the availability of each amenity j. The higher is " j , the higher is the loss in the planner evaluation function due to the unequal distribution of the amenity j.
Our methodology can be summarized in the following steps:
First, we estimate implicit prices of amenities through hedonic regressions.
Second, we compute " j ; with j = 1; :::; K from equation (11) ..., k i using expressions (10) and (7), respectively:
Third, we assess the value of # from equation (8) and …nally compute the QOL # index of equation (5).
Empirical Application
In this section we employ the previous model to assess urban QOL in Milan, the second largest city in Italy after Rome. 8 Milan is considered one of the richest city of the country and even of the western Europe. 9 Besides being the biggest Italian industrial city, it is a historical city which o¤ers 8 The most recent data issued by the statistics department of the municipality reports in 2008 a total population 
Data and variables
As we have shown introducing the QOL index à la Roback in (1), the overall QOL measure depends on the set of amenities considered implementing the analysis. For the purpose of this study, several data sources are combined into a single data set that contains detailed information on housing and city characteristics. Data on residential housing transactions come from the "Osservatorio del Mercato Immobiliare" (OMI) managed by a public agency ("Agenzia del Territorio"). A special feature of the OMI data set is that for each observation one of three di¤erent types of price is reported in relation to the availability of data: the actual selling price, the o¤er price (that is the price at which the owner would sell the house) or the estimated price (de…ned as the likely amount at which a sale would be concluded according to the evaluation of the OMI o¢ cers).
As regards to the characteristics that de…ne housing units, we consider structural attributes, such as total ‡oor area, age of the building where the housing unit is located at the year of sale, number of bathrooms, whether the housing unit needs to be renovated, whether the housing unit has an independent independent heating system, ‡oor level, presence of a lift or a garage, qualitiy of building.
The neighborhood-level data on amenities and socioeconomic conditions come from the relevant public authorities. They contain information on six important aspects of quality of life: environmental characteristics, public transportation, education, commercial facilities, recreational activities, and socioeconomic characteristics. Table A2 in the Appendix contains the full list of variables used in our analysis with their sources. We are well aware that while all those variables may contribute to the concept of quality of life we are addressing, they are just an approximation of the set of amenities we would like to have. This paper aims at showing the potentialities of the methodology we employ by using the available information, aiming at conducting an empirical analysis as rigorous as possible. Moreover, city's QOL depends on the revealed preferences of the residents over a set of characteristics, on which it might exist a broad interest. In such a way, residents could be classi…ed in groups, each one of them bearer of speci…c interests. Married couples should be mainly concerned with the education opportunities for their children and crime rates nearby, or elderly people would have more feeling for facilities such as public transport and health care services provision and …nally young-single individuals might seek for local entertainment, recreational places and playgrounds. This means that a QOL index, which excludes some of these variables could not properly represent the interests and the preferences of some groups of residents. 11 The environmental dimension is proxied by the green areas relative to the area of the neighborhood (Green); public transportation is represented by the number of metro stations (Transport); commercial facilities (Commercial facilities) are proxied by the number of supermarkets, discount stores and malls per 10; 000 inhabitants; recreational dimension (Cultural ) is proxied by the number of cinemas, theaters, museums, art galleries, academies of music, libraries per 10; 000 inhabitants.
The socioeconomic dimension (Ethnic) is based on the ratio of Italian/foreign residents. More precisely, the variable Ethnic for the neighborhood i is constructed as
; where It i is the number of Italians living in the neighborhood i; in the denominator we add to the immigrants living in the neighborhood i, Imm, those living in the surrounding neighborhoods. The weight
roughly approximates the probability of Italian residents of the neighborhood i to interact with foreign people of neighborhood j. Our assumption is that the city planner dislikes residential segregation, aiming at a even value of this ratio within the city. The resulting unidimensional index on the Ethnic variable can be safely interpreted as an exposure index. In this spirit, we consider as foreign residents ethnic groups more often subjected to discrimination, such as African, South-American or some Asian communities. Other immigrants -from, for example, North-America or West-Europe -have become invisible in Italy 12 and have been assimilated to Italian residents.
Finally, education is proxied by the distance to the nearest university (Education). Unfortunately, we do not have information on other variables for quality of education, such as the percentage of pupils moving up to a higher class or some indicators of classroom and/or building facilities. 13 We have rather information on the degree of availability of the di¤erent education levels, such as the number of primary and secondary schools in the neighborhood, both public and private. We have also data on early years of education, that is the number of nursery schools and preschools. We tried alternative speci…cations including these variables but none of these turns out to be statistically signi…cative. There at least two reasons that can explain this result. First, the number of schools available in the neighborhood is a rough proxy of education services and it is not able to capture the quality of education services. Secondly, the variability of some of these covariates is quite modest across neighborhoods.
In addition to these amenities, we include the Euclidean proximity of each neighborhood to the city center to control for all amenities that have not been explicitly considered. We test the hypothesis of a monocentric structure of the urban area à la Alonso (1965) and Muth (1969) implying that housing prices increase with the proximity to the city centre since the quantity and variety of amenities increase too. Indeed, the urban pattern of Milan can be considered monocentric, since it is clearly identi…able by the old inner ring of inland waterways (Navigli ) designed by Leonardo da Vinci. Outside the former ring, a second ring forms the circuit of the Mura Spagnole. Within the two rings are gathered the most important historical monuments (Duomo, Sforzesco Castle, Royal Palace, etc.) and outside, till the existing border of the municipality, large neighborhoods have been developed. 14 Descriptive statistics are reported in Table 1 . Amenity statistics embody the availability of amenities in the bordering zones, calculated introducing the distance function
The speci…cation of f is consistent with gravitation models (White 1983, Batten and Boyce 1986, 1 2 As in other Western countries, see for example Pan Ké Shon (2010) for France. 1 3 For classroom facilities we intend, for example, modern teaching aids, air conditioned rooms, spacious rooms, and neat and clean rooms. The building facilities are, for example, recreation and gym facilities, high-speed internet access, an extensive library, and computer lab facilities. 1 4 The residential housing market of the city re ‡ects the monocentric basic models à la Alonso and Muth (see Michelangeli and Zanardi 2009 
Estimated implicit prices
To obtain the full-implicit prices of location-speci…c amenities given in (5), we estimate a reduced form of the housing price hedonic equation
where the logarithm of the price for any housing unit h sold at time t (with t = 1; :::; T ) depends on:
-a constant term ;
-two dummy variables m h1 and m h2 equal to 1 if the price of the housing unit h is, respectively, an o¤er price and an estimated price and 0 otherwise. The reference value is the selling price,
-the logarithm of the size measured in square meters, ln S h ; 15 -the logarithm of the age of the building where the housing unit is located, ln age;
-a set of variables x hp measuring other private characteristics of the housing unit, -a set of variables l hj describing the location amenities, -a set of time dummies s h equal to 1 if the housing unit is sold at time t and 0 otherwise, -a residual term " it assumed to be normally and independently distributed across observations with zero mean. Table 2 presents the results obtained from estimating (12) with the set of independent variables we have mentioned in the previous paragraph. All in all, the housing variables used in the model account for about 87 percent of the variance of the logarithm of price. The amenity coe¢ cients are statistically signi…cant and to quantify their relative importance in our speci…cation we present the standardized beta coe¢ cients in column 3. 16 < Insert Table 2 about here >
Results
The most important amenity according to this criterion is Green since a one standard deviation increase in this variable implies 0:161 standard deviation increase in the value of the housing unit.
A possible explanation of the statistical relevance of this variable is that it measures not only the extension of the available green areas, but also the facilities which are often located within gardens and parks (playgrounds for children, bicycle lanes and sports centers). The next amenity in terms of importance is Cultural (0:156). In this case, the importance could be explained by the location of some speci…c theaters and museums in ancient buildings whose households appreciate the aesthetic and artistic value. For example, the Museum of Ancient Art is in the Sforzesco Castle, probably the most famous monument together with the Duomo and the Scala Theatre. The other standardized beta coe¢ cients are 0:048 for Ethnic, 0:042 for Transport, 0:025 for Commercial facilities and 0:011 for the proximity to the nearest university (Proximity_University).
In addition to the amenities that we discussed so far, we include a number of house characteristics to control for housing heterogeneity. These estimates appear to be quite intuitive. On average, o¤er prices are 6 percent higher than market prices. The coe¢ cient of the dummy variable for estimated market value is not statistically signi…cant, so we conclude that in general evaluations formulated by the OMI o¢ cers are not too far from the actual transaction prices. The coe¢ cient of the total ‡oor area surface is less than 1, which means that the marginal price for an additional square meter decreases at a decreasing rate. As expected, a second bathroom or more, like the presence of a garage, positively in ‡uences the transaction price. A middle or high story apartment (2 nd ‡oor or more) is better than a ground ‡oor or …rst ‡oor apartment. A ‡at to be renovated has a lower value than one in normal conditions. The type of building matters as does age.
The full implicit prices for each amenity are reported in Table 3 , with Cultural, Ethnic and
Transport showing the largest prices in absolute value. The hedonic price for an additional cultural place per 10; 000 inhabitants in the areal unit is 2; 839 euro; increasing by one point the percentage of the Italian/foreign ratio leads to an increase of 2; 500 euro in the value of the average housing unit value, and an additional metro station provides a bene…t of 2; 475 euro. We have included the distance to the nearest university and it turns out that reducing the distance by 1 km increases the housing unit's value by 1; 377 euro. The estimated implicit price for an additional commercial facility per 10,000 inhabitants is 1; 051 euro and the lowest hedonic price is referred to the public green areas, with 612 euro for the marginal ha provided.
< Insert Table 3 about here > Prices are much higher in the city center and decrease as the distance from the center increases. See Table A1 in the Appendix for an illustration of how quality of life changes across city neighborhoods.
In Table A1 and Figure A. 2 we report the values of QOL and average income for each city neighborhood. Table A1 presents the social planner assigns to the set of amenities. The third column in Table 3 shows that the weights are fairly similar and that the lowest is assigned to the socioeconomic dimension Ethnic.
This means that she results more adverse to the unequal distribution of ethnic groups across the neighborhoods than to the unequal distribution of the other amenities.
We recall that the equally distributed equivalent share associated to each amenity corre- We conclude this section wondering whether our empirical results would still be meaningful if we adopted a needs-based criterion of equity in the city. Suppose for instance that households composed of people more than 65 years of age are concentrated in a few city neighborhoods. In this case it could be reasonable to concentrate amenities like health services in these neighborhoods.
To investigate this point, we look at the distribution of two kinds of households with speci…c needs 1 8 If would be equal 1; there was no joint e¤ect of amenity distributions on QOL index.
(households with children and people more than 65 years old) in Milan. Since these households are evenly distributed across city neighborhoods (their Gini concentration index is respectively 0:056 and 0:068) we then conclude that our results are robust with respect to the demographic distribution of households.
Conclusions
We have proposed a new methodology to assess urban QOL, accounting for availability of ameni- 2 Supermarkets, discount stores and malls. 
